Abstract-The study investigated the longitudinal impact of computer-assisted instruction (CAI) on early literacy skills. The use of technology in the classroom has been explored in the literature, but there has been limited evidence of long-lasting effects. Pre-kindergarten students from low socioeconomic status homes in Florida were provided with a CAI program, Waterford Early Learning (WEL), while in preschool. Students did not use WEL the following year while in kindergarten. At the end of kindergarten, these students (experimental) were assessed on a literacy assessment, and their scores were compared to the scores of kindergarten students who did not use WEL (control). Differences between experimental and control groups were analyzed in terms of demographic factors, including English learner (EL) status, ethnicity, and socioeconomic status (SES). By the end of kindergarten, students who used WEL in pre-kindergarten outperformed students who did not use WEL. After using WEL, young learners from disadvantaged backgrounds benefited beyond the immediate use of the software. Large effect sizes show that students, particularly EL and Hispanic students, saw substantial, long-term, meaningful improvement as a result of using WEL. These results indicate that CAI technology can have a lasting positive effect on early literacy skills.
performance in minority students is especially concerning as most minority populations are growing [3] . Since minority students account for a rising proportion of the population of school-age children, ensuring that education is effective for all students is a necessary goal.
In addition to a racial achievement gap, students of disadvantaged families also tend to perform worse academically than their more affluent peers [4] . Within the United States, high school, middle school, elementary school, and even pre-kindergarten children from low SES households perform significantly lower on assessments of basic knowledge than their middle-class counterparts [5] . This research has revealed both the need to raise standards, and the necessity to routinely assess young children prior to kindergarten in order to determine whether they have the foundational skills requisite for academic success in formal school.
Project Head Start is a governmental program that started in 1965 with the goal of supporting young disadvantaged children with the resources they need to begin school [6] . Head Start promotes school readiness of young children from low-income families. Head Start involves "teachers facilitate [ing] individualized learning experiences to promote children's readiness for school and beyond. Through planned and spontaneous instruction, relationships with adults, and play, children grow in language and literacy, early math and science concepts, and social and emotional development" [7] . The program includes health services as well as educational resources to better prepare students for kindergarten. Studies have shown that teaching early literacy skills to young students through Head Start provides long-term benefits for those students, including a greater likelihood of graduating high school and attending college [8] .
One possible way that existing intervention programs such as Head Start could be improved is through the use of computer-assisted instruction (CAI). CAI is an educational method of presenting students with different forms of interactive and instructional media. Unlike traditional large group instruction, CAI allows individual students to experience content that is consistently appropriate for their pace of learning and provides meaningful feedback [9] . A CAI curriculum can determine activities to introduce, instruct, practice, and assess based on students' performance on specific reading, math, and science skills in real time. Using an individualized curriculum increases students' flexibility, interactivity, and engagement, and it has been shown to improve young students' literacy skills [10] . CAI has been shown to benefit students at an early age: A study across 18 preschools gave students access to touchscreen desktops with interactive software which taught reading skills, and students who used the software scored higher in a standardized literacy test than those who did not [11] . Studies have also shown that individualized education through CAI has been effective in teaching students across different demographics. One study provided first and second grade low socioeconomic status (SES) students with supplemental CAI and compared their assessment scores to those of a control group who only received traditional reading instruction [12] . Students who used the CAI software made larger gains in literacy during the school year than their control group counterparts. Another study looked at the longitudinal impact of CAI, comparing kindergarten literacy test scores of disadvantaged students who used CAI for two school years to students who only used the software for one year [13] . Students who used CAI software during pre-kindergarten and kindergarten scored significantly higher on literacy assessments at the end of kindergarten than students who used the software during kindergarten alone. The positive effect of CAI during the two years was especially prominent for students with lower initial scores.
The students of today are experiential learners, and current schooling practices are adapting to relate to this generation's interest in games-based learning [14] . Bridging the gap from home to school, researchers have encouraged the development of technology in schools that is relative to the amount of technology that children are exposed to in the home [15] , [16] . However, research has led to conflicting findings on the success of technology on digital natives in school, and there is still a gap in research on the relationship between young children's learning and developmentally appropriate technology in early reading instruction [17] , [18] .
The growing body of research behind CAI demonstrates that it can help foster immediate learning gains as a supplement to classroom education; however, the effects of CAI academic improvement have also been shown to be limited: One study of 1,246 fifth grade students found no statistical significance in scores between students who used a supplemental CAI program and a similar control group [19] . Additionally, a meta-analysis on the effectiveness of education technology found a range of outcomes for CAI interventions, and most positive effects of CAI were small [20] . Research has also demonstrated that the quantity of technology in education is not significantly effective unless the quality and adaptability of the technology is proficient [21] . Further research is necessary to explore the degree to which CAI can provide lasting effects on learning [22] .
The current study investigates long-term effects of using CAI in an existing Head Start program: A kindergarten literacy assessment was administered to Head Start students one year after they used Waterford Early Learning and to students who did not use the software. It is predicted that students who used the software in pre-kindergarten will score higher at the end of kindergarten compared to students who did not use the software.
II. METHODS

A. Participants
This study consisted of kindergarten students (N = 9,701) enrolled in a public school district in Florida during the 2015-2016 school year. The experimental group (n = 266) consisted of students who used WEL for more than 1,250 minutes during the previous school year as part of Head Start (pre-kindergarten). The control group (n = 9,435) consisted of students who have never used WEL.
B. Materials 1) Waterford early learning (WEL)
WEL offers a comprehensive, computer-adaptive pre-reading and reading curriculum for pre-kindergarten through second grade students. The software presents a wide range of multimedia-based activities in an adaptive sequence tailored to each student's initial placement and his or her individual rate of growth throughout the complete reading curriculum. Students gain valuable reading knowledge essential to early childhood education in just minutes during their school day -in this study, the experimental students used WEL for fifteen minutes per day, five days per week, during their pre-kindergarten school day to improve their early literacy skills.
2) Kindergarten readiness test (KRT)
The KRT is an assessment designed for kindergarten students that measures competency in reading skills. The assessment is administered to each student individually. Students are scored for each subtest, including Letter Identification (ID) and Sounds, Concepts of Print, and Phonemic Awareness, and are also given an overall score.
C. Procedure
Students in the experimental group were expected to use the WEL for fifteen minutes per day, five days per week during pre-kindergarten. Usage was tracked within the program and monitored weekly, and total minutes of WEL usage for the school year was calculated. The KRT was administered at the end of kindergarten, a year after students in the experimental group had stopped using WEL. Students were tested in their school district at the end of the school year and data were collected by the school district. Data were sent to the Waterford research team for analysis.
III. RESULTS
Independent samples t-tests were conducted to examine group differences on end of kindergarten year scores for each strand of KRT scores for English learner (EL) students, students of minority ethnicities, and students with free lunch status ( Fig. 1-4, Table I ).
A. Overall KRT Scores 1) EL status
Analysis of Overall KRT end of year scores for EL students revealed a significant difference between groups, t(1, 151) = -6.75, p < .01, due to higher end of year scores made by experimental students than by control students. Effect size (d = 0.65).
2) Ethnicity
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a) African American Analysis of Overall KRT end of year scores for African American students revealed a significant difference between groups, t(1, 116) = -2.34, p < .05, due to higher end of year scores made by experimental students than by control students. Effect size (d = 0.24).
b) Hispanic Analysis of Overall KRT end of year scores for Hispanic students revealed a significant difference between groups, t(1, 165) = -3.52, p < .01, due to higher end of year scores made by experimental students than by control students. Effect size (d = 0.30).
3) Lunch status
Analysis of Overall KRT end of year scores for students with free lunch status revealed a significant difference between groups, t(1, 279) = -4.42, p < .01, due to higher end of year scores made by experimental students than by control students. Effect size (d = 0.29).
B. KRT Letter ID and Sounds
1) EL status
Analysis of KRT Letter ID and Sounds end of year scores for EL students revealed a significant difference between groups, t(1, 494) = -10.13, p < .01, due to higher end of year scores made by experimental students than by control students. Effect size (d = 0.98).
2) Ethnicity a) African American
Analysis of KRT Letter ID and Sounds end of year scores for African American students revealed a significant difference between groups, t(1, 142) = -2.76, p < .01, due to higher end of year scores made by experimental students than by control students. Effect size (d = 0.28).
b) Hispanic
Analysis of KRT Letter ID and Sounds end of year scores for Hispanic students revealed a significant difference between groups, t(1, 298) = -7.13, p < .01, due to higher end of year scores made by experimental students than by control students. Effect size (d = 0.61). 
3) Lunch status
Analysis of KRT Letter ID and Sounds end of year scores for students with free lunch status revealed a significant difference between groups, t(1, 392) = -6.60, p < .01, due to higher end of year scores made by experimental students than by control students. Effect size (d = 0.43). 
C. KRT Concepts of Print 1) EL status
Analysis of KRT Concepts of Print end of year scores for EL students revealed a significant difference between groups, t(1, 170) = -6.55, p < .01, due to higher end of year scores made by experimental students than by control students. Effect size (d = 0.63).
2) Ethnicity a) African American
Analysis of KRT Concepts of Print end of year scores for African American students did not reveal a significant difference between groups, t(1, 2604) = -0.81, p = .421; however, experimental students had higher end of year scores than control students.
b) Hispanic
Analysis of KRT Concepts of Print end of year scores for Hispanic students revealed a significant difference between groups, t(1, 170) = -3.45, p < .01, due to higher end of year scores made by experimental students than by control students. Effect size (d = 0.29).
3) Lunch status
Analysis of KRT Concepts of Print end of year scores for students with free lunch status revealed a significant difference between groups, t(1, 266) = -2.16, p < .05, due to higher end of year scores made by experimental students than by control students. Effect size (d = 0.14). 
D. KRT Phonemic Awareness 1) EL status
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Analysis of KRT Phonemic Awareness end of year scores for EL students revealed a significant difference between groups, t(1, 143) = -5.95, p < .01, due to higher end of year scores made by experimental students than by control students. Effect size (d = 0.58).
2) Ethnicity a) African American
Analysis of KRT Phonemic Awareness end of year scores for African American students revealed a significant difference between groups, t(1, 117) = -2.15, p < .05, due to higher end of year scores made by experimental students than by control students. Effect size (d = 0.22).
b) Hispanic Analysis of KRT Phonemic Awareness end of year scores for Hispanic students revealed a significant difference between groups, t(1, 159) = -3.18, p < .01, due to higher end of year scores made by experimental students than by control students. Effect size (d = 0.27).
3) Lunch status
Analysis of KRT Phonemic Awareness end of year scores for students with free lunch status revealed a significant difference between groups, t(1, 271) = -3.38, p < .01, due to higher end of year scores made by experimental students than by control students. Effect size (d = 0.22).
IV. DISCUSSION
An academic achievement gap occurs as early as kindergarten between students of different ethnicities [23] and between high-and low-SES families [4] . Providing support to disadvantaged students at an early age will help them excel academically. As a growing portion of the school-age population in the U.S. are EL and Hispanic students [3] , it is more important than ever to close the achievement gap for these students. Research has shown that CAI has the potential to assist learning in young students [11] , and that it can foster long term learning gains [13] . However, not all CAI interventions have been wholly positive [22] . The current study supports the hypothesis that the use of CAI at a young age can have lasting effects on learning. Students in the experimental group exhibited significantly higher literacy assessment scores than the control group by the end of kindergarten, a full year after using the software. The experimental group outperformed the control group on the overall assessment score and on each of the substrands tested, and the differences in scores were statistically significant across almost all demographics analyzed. The large effect sizes indicate that students, particularly EL and Hispanic students, saw substantial, meaningful improvement in the long-term as a result of using WEL. The large effect sizes found for these students are especially impressive, since most research on CAI in the past decade has mixed results, and most positive effects have been small [20] . These findings are a strong contribution to the field of early childhood education, as it intersects with the use of technology in the classroom. These findings expand on the results of previous studies that demonstrate the benefits of CAI [11] , and show that the impact of CAI is retained after the software is no longer being used. The results of this study demonstrate that after using WEL at a young age, minority students and those from lower SES families were positively impacted in their academic performance, improving their learning beyond the immediate use of the software.
This study found a positive impact of WEL on literacy scores; however, its ability to speak to the effect of early CAI intervention on a students' complete academic trajectory was limited since there was only one year between the students using the software and the time of the assessment. Additional follow-up with students throughout their academic career would help demonstrate the lasting effects of WEL even more meaningfully. Further research is also needed to study the positive effects of CAI on students of different backgrounds. Although the current research demonstrated the effectiveness of CAI on students of different ethnicities and from low-SES families, expanding the sample of students across multiple school districts would allow generalizability of the results.
